UNCLASSIFIED

AD NUMBER

AD001248

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

AUTHORITY

Group—4 DoDD 5200.10, 26 Jul 1962; ONR
ltr., 26 Oct 1977

THIS PAGE IS UNCLASSIFIED




=EI AT e Tl - EE P i TR S R p

Reproduced by
< Serviess Technical Information f f ency

I-H"f ™
e

- <.
=l

Y, - * w2
e
”’i'j"ﬂ_ﬂrﬁ%ﬁfﬂ" - -

k.

[
1

B

mﬁf @i':.“

J
Ay

et}

'4SUMENT SERVICE CENTER

KNOTYT ﬁﬂﬂ.ﬁlﬂﬁ DAYTOH, 2, QK10

:
b2
kS
Xy .
s
7%
< .
Lo
o
S
Fs
I3 : :

-

A B T TN St A A,

e

TN

AT T A MU T

KR

g

S T, T o . el e T R At oy g AL
o - [AEE T ¥ oty SRR

Ma T T

~ a e o ——————

AT AR D




L . : - ) Yoy e ‘" y = ,.' ; ' B ‘-'ﬁ-r,q ~
LT xi2ld o F% 1R
T g -tl,n-i.,-'l."v ’ t 2 ';}' B A E.ﬂ% g{ .

‘1”‘“"“

TFCHNICAL WEMOHARDUN Prel®

PRELIMINARY IHVERTPIGATION OF THE RAM ROCXBT AS A
POWER PLANT 72k A LOKGWANGE GQUIDED WISSILE

2

Seorge 8, Sutharland

PRIFCETON UHIVPRSIYY
Pricaeton, New Jereay




IDENTIAL
SESURYYY SRR L ON

2
ot

PROJECT SQUID

A Cocpsritive Program
of Fundamentsl Combustion Resaarsh
Ag Rslsted to Jet Propulsion
gy Lha
Cffice »f Maval Resanren, Department of the Ravy
an? the
Research and Developmsnt Camisnd, Department of ithe Alr Farce

A Taeimical Report on Fhase 7 - Perfor=snoe
Eveluatici of the NomeIdeal RameRooket Power Plunt
Contrast MSari.105, Task Order III, NR2Zx038

PRELIMINARY INVESTIGATION OF THE RAM RCCKET
45 A POWER PLANY FOR A LOKO-RAMOE QUIDED MISSILE

by

jeorge 3, Suwtherlmd

1 Julr 1952

TECHNICAL EERORANMIUX ¥0. Prei?

Departsent of Awrcnautical Enginsering
PRINCETOR UWIYERSITY
Princeten,; Nev Jersey

CAiyIDZNTIAL

CECUR LYY LATXUAAT.LON




SONPIDen: 1AL
SOURITY INFOHE 1o
»
TABLD OF CONT.2TTS
Scotion Pane liumber
I Swumary : 1
II Introducticn
III Aerodynamic Data 3
1V Power Plant Data 12
¥ Adaptation 15
- VI Trajectory Analysis 18
VII Resuits of Range Caloulatioms 23
VIII Referonees and Bibliography 28
1% Appendix A 13
X [Plirures

COIyID N IAG



SHTIENTIAL i1
SECIRTTY Tk ct
__-__.———u-‘———'—

(2

LIST CF TIGURIS
Ti-ure lacibor
Smpapeiantng s e 4
Sohenatic Drawing of Nem Rocket 1
Haxirme: Lift-to-Trag Ratlio versus llach liwnber 2
L - Vo ale
Lift Ceofficiont for (g), . versut lach Humber 3
> L ¥ L L L0
Drag Coefficiont for (n-)max versus llach lNunber Ly
An7le of Attack & for () voersus !fach Humber 5
ma
inimun Drez Cosfficlont versus !lagh Nwsber 6
Sirotoh of Triton Configuratisn with Ramjot Ingine 7
SKotoh of Uedified Uriton Configuraticn with ,
Ram To-kot “ngine -8
Acoeslerstion Trajectory for Rea Rooket Mistiles ¥es. 1 4 2 ]
Ascaleration Trajeotory for Ram Rookst Missiles ¥os. 3 & 4 0
TABLES
Tobloe Pape
I ffeot of 3} on Rance 5
I1 Ham Nookot Ranrce ‘‘ocdified by Triton Data 4
1II Dotslloed Connnrison of Triten and tho Tour 2b

Ry Noalat 'isnilosa

CONFIDT IAL
5:CRITY INF HOR L0

. S ——




CURFIDENTLAL
FECTRYTT DIV IOH

A = maxi:nys missile oross sooctional arsa, square feot
AR = aspect ratio, -g-

b = winz span, footl

CD= drag coofficiont of RRY, D/5S

c = 11t ccoafficlont of R/, L/gS

D = drag, pounds

g = aocccleration of.gravity, fee% per second per ssocond
% = 1 ¥ s, a constant

L = liftf pounds

w = Uach muaober
p_= anbicnt static preasure, nsia
= range, nautical nilos
RRiI = ram roclet minsile
3 = total wing aroa including arca within fuselage, squars foet
SPC = apooific fuol conswaption, lbs, fuel per nr, per lb, thrust
T ® thrust, pounds
t 3 tius, peonnds
V = welooity, feet por second
¥ = instantansoug welpt of mincile during acceleration, libs,
e ® exply wolght of nissile, 1lbs,
7y " nlasils weipht at start of Breguot trajectory, 1bs,
*H_® propallant woipht at start of Cresuet trajoctory, lba.

‘u‘t" total ploss tnls-off wolzht, lbs,

£
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IO NCLATURI (contirued)
o = angle of attack of wins and body of mlsslile, degrees
¥ = ratio of spocific neets of air
VY = ratic of total fuel wolg:t plus boostor propallant welight
toe total gross weipht on teke-off ’
=) = rutio of booster weight to totel zrogs take-off wolpght
8
7) = ravio of fusl wolpht to total missilo wsiznt at beginning
« of Breguot trajectory
£ = anzle of longitudinal) axis of missile with horizontal, degress
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Prel Investigation of the Rsm Rocsket
as @ ?éh{m'ﬁ §¥an € 10T 'ai"mJTEmme

2. Suymary
Nange caloulationa were rade for a long-rai.ge miassile

using a ram rocket as tho power plant, These calculations
are tho first of a sories doaling with variouz applications
of 4the ram rocketa It 45 folt that the long-ransze gulded
nissile, while pernaps not'tha'idpal apnlication for the ram
roghet, hos certain roquirements which the ram roclict can
uniquely fulfill, For example, the ran rocliet can supply
the thrust reacuirod to accelerats a missile vo dealgn cone-
ditions wihile consuming only a part of the propellant weight
required by a co:parable Loustor, and can then power the mise
8ile during the subsoquont mid-course or Dreguot trajectory.
“hie dunl role, made possible by the wide thruct variation
uvallable, 4z only one exannle of the usofulness of the ram
rocizot princinple.

The ram rocitet power nlant waes adaptod $o0 tha structure
of the Triton "doslle, a 2000 milo ronge ranjfet using JP-1 as
a fuol. his adaptatien procodure thon allowod a dircet com-
parison vetwaon the ramjot and ram rocicet power plnnﬁs and
thelr offect upon such oritieonl variablos as ronge, grosa
taiio-ofs wolght, and boustor sizse, The main bedy of the re-
vort 46 concorned with describine the assumptiens that wore
reguired in adantine the ram roclict to the riten econfipuru-

t!”n-
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The fuel used in tho ram rocket described herein 1is
methylacetylene, Ii should be noted, however, thet due to
present high cost of methylacetylene, it 15 hoped that
cheaper fuels with sindlar oharaoforlstioa will e found.
Lloanwhile, methylacotylenb is used in those calaulations
to 1llustrate the typo of fusl that 1s theorctloally de-
sirable,and, at the same time, actually available,

A swmary of the ropults of these caloulations appears
in Teble III, These fipgures indicate that the ram rocket
can obtain the samo range as the rooket-boosted remjet with
g lower total taks-off wolght, as well as & reduction in the
roquirod booster size of the order of 80/, These savings
uay bo dircetly attributed to the lower specific fuel con-
swnption of the rauw rocket during the accoloration phase as
comoarod to tho specific fuol eonsumption of the booster
1rooket of the ramjet miselle,

Due to ths unique depondongsy of the ram rocket porform-
ange upcn altitude and flight spsaed during the acoceleration
perliod, 1t &8s ougsosnted that further investipations bo mads
into the problems of ectablishing an optimum aeceleration
trajootory for this tyne of powor dlant,

CONTIDENT TAL
SsOMRTTY SN 7 ORMAS 10U
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I Introducticn

It is the purpose of th!s report to investipats the -
#pplisation of the ram roocitet as a nower plant for a
long-range guided nissile, L

Tho basioc rer rosket, s doscribed in Reference (5),
iz an air-breathing jet rropulsion devics oconsistinz of &
diffussy, eszbusiion ohamboer; and exhaust ricizls, Fuel for
thie ¢orbustion ¢hamber 43 providod by ths oxhaust gasos fro“
ono oy mere rnaokats mounted at the sxit of the dirfussr.
Figure (1) 18 a schematio representation of & ran rocket
wilth a conotany area sombusticn ¢harbor,

The porformence of tho raxu rookot naturally dopends
ursn tho chonieal energy availuble in the reokct axnaust.
Por this reason, &5 woll ox the reduetion in wolght made
rossible by the elinination of an oxidizer and its atten-

dant tanks, pusps, and piping, n donorreopellant svstenm ia

noat of forration L{s ideally suited for use in the ran
vaaltet, and honges methylacetylena, anu, waa ussd In tre
c¢alculstions dossribed in this ropart, with & specifioe
npulse erprosohidng 200 saconds =t a charher pressureo of
300 psti, the desanposition produsts of neshryliacotylons
have £ residual snoieal snergy available for combustion
on the ordor of 17,070 Utu per pound, whish ccnpares favore
aily =Lih tho 17,000 Btu por pound avalladle 4 a vamlst

usine paseling os a Tual,

G E1D:NT IAL
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At esupergonic spoeds, thersfors, it nay be expsctsd
that specific fuel consumption of the ram rocket will be
roughly equal to that of a ramjet. Also, dus %o the nature
of the fuel injection process, there is a possibility of
obtaining a combustion efficienay superior to that of a ranme
jotes This variation in combustion efficliensy and othe? baslic
differences batween the ram rocket{ and the ramjet willl bs dis-
cussed further in Section IV, .

Assuning for the moment that at scme crulse liach mumber
the performancs of the ram rosket and the ramjet power plants
are identical, we sees that, for a glven range, to obtcin any
decroase in the take-off groas wolght, it 1s necessary that
the fuol sensumed in reaching tha doesign conditions at the
start of the cruise trajectory be minimized,

To establish the imyrortance of redusing the fuel con-
sunption during thro accnleration portion of the flipght path;

range equation, It has beon shovm in Refersnse (1) that for
an air-broanthing engine susch as the ramjet, the Breguot tra-
Jootory 18 tho optimm eruising fiirht path, As will be
shown in Scction VI, this modifioed range equation nay be
writtent

= ¥ (L
R -r92 m’c(ﬁ)rﬂ.‘m - 1}_)_ (1)
s - c

vhore ! =ratvt o in nautical niles

V =oirulsing voloclity, feet ror sccond

W
R

(9]

o
w

= otocific fuel senswn tion, lb. fusl nser
nour ner 1lb, thrust
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Assuming that
dynamically jdentical, and that the power plants have equel

apscifio fuel aonauﬁptiona &t tho c¢rulse velocity, we may now

5.

= maximwy 1ift to drag ratio at c¢rulae veloclivy

= pretin of propellant welght to total weight
9f milssile at the beginning of the crulse

trajeotory,

!

the migslles under considerailoan are serge

substitute acms reprosentative valuss in Equation (1), For &x=

gaple, let ua aesuvine that the following flgures are applicabls

Lo a longeraue missils:

Crulso Mach nunover
Crulse veloclity

Specific fuel consumption = 1,8 1bs,/lb=hr,
(B

3.0

K

= lia5

#lth these veluvs, Rquation (1) bacomes:

R o 328 1n =i
1 =V

"0

= 232l fast per second

Suppose now that the empty woight of all missiles it

3.000 1bs., and conaider the effaect of a variation of
the range.
_ e v R o wmom
23,000 B,000 L,667 12,000 ,L600 2,50 09103
24,000 0,000 667 18,00C ,500 2,00 06931
2,350 B,000 667 4,000 3313 1.50 4058
24,000 8,000 L8667 2,000 .23 1,25 02225

en

]

3970
3000
1758

355

r“

AFIFAGENTIAL
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As one would expcect, the effect of the logarithmic term
in the range squation is greatest for low valuos of V. Asgume
ing a total take-off woight of 20,000 pounds, an izcreass in
}% frox 4333 te 500, walch represonts a 237 decrecase in the
fuel required to reach the design flight conditions 2t the
stort of cruise, will produce an inerease of 705 in the cruise
Tango.

- Proem this sinmnle compariaoh, it &8 evident that a power-
piant that can start its Breguet trajectory with the highest
value of Vo. all otier things boing equal, 1s the power plant
that will deliver a gilven payload the sreatest distonce, or
sonverzely, will dollver a given payload a required distance
with the minlnum total tnlie-off wel ht,

Those conolderations, tiien, lead us to the roblem of
flnding onis to roduco the fuol raguire! to roach the initial
crmilse oporating roint, The ra:jot, boosted to thils loint by
means of a solid or liquid fuel rocitet, 15 coriltted Lo a
lar~o total take-off wol~hit L u reasonnble value of ¥V, ts
dosiret, Tho reas-ot=hoostod raijot niay have Loostars on the
order of 50, or sroator af the total talze=-olf wel; e, doponding
on Lho deoslvo’ initial ciulre nltitude and lach nuaber, It is
L purneso of thls roport, Ly 1igans of © srecific oxairle, %o
ahew that the loplsilonl nroblais of u suporroniec .1iosile say
vo reltusad by ualipg Lho rwi ragvat vewar wlant, which will per.
=4t /& lar-e raduction L0 the tetal oxtornil Bbooster woight o=
qulirod,

e execanlo connlits of G oo artaon botwean a raslfot

CQIFID:IT IAL
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missiie and sn aquivalont ram roclet missile, Obviously,
oare rust be taken in naldng such a somparison, since the
results are largely deoondent on the sssumptions that form

ths basis of the caloulatizsne,

soncorning the performance, deslgn, and wolght ealoulations
for a raunjot missile such as the Triton was available so
that o comarison could be made with a minirmun of effort,
The Triton is a roclzet-boosted ramjet of 30,000 pounds tetal
take-off wolght with a 2000 nautical mile rangs., This misa-
ile carries a 3000 pound payload and nas a M oqual to L8l .
The sorrplete nnalysle of the Triton missile anpears in Refew
ronce (2),

In brder to caloulate the cocsleration trajectory of the
ran rocket miscile, aorcdynanie and pQWQrplant data ovor the
roquired Mach nuwuber range rust be avéilablo. The noxt few

sootions will discuss the assumptions used in obtoining this
dﬁtao

CORFTIDRYTI
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IIX Aerodynamic Data

Due te the nature of tho calculations for the accelera-

tion trajectory, aorcdynanie data for the ram rocltat missile

¢

is nedded over the cntire llach mumber range sncountsered. thers ‘@ﬁ
the Triton and 1ts boocter accolerated ¢to a design !lach numbeﬁﬁﬂ -
of 2,1, at zors 11£%, the ram rocket missile, which we shall
heroafter designate as Ti; ls assumed to vary its angle of
attaok so thet & constant engle of olimb =8y be meintalned,
Since the merodynanic data for the Triton was unapplicable,
anothier means had to be found to obtain roaronsble data. Thoo-
retieal onloulations to obtain serodynanlc dats involving
ving-body combinations are langthy and of questionabie aoour-l
acye It viae dosided that oxperimental wind tunnel results wore
the most relleble sources of information. Thorofore, all ex-
- perlontal data availablé ab the tilnre was asconbled, It was
found that the moat infoimntion wae available for a combination
utilieing e dolta wing and a cylindrieal body with an ogival
nnse, All tho dota corrosnonding to this basie confliguration
was plottod vorous flisht Hach nwider, and a mean curve was
drawvn through theso oxporimontal points, Thia‘mothod thus
provided conservativo data for a hypothotlocal missile that
roprosonts a practionl desipn provon by oxnariiiontal tosts,
Tirures (2} tihrourh (6) are the rosults of ihis survey,
with the chaded arsas roprescnting the sproad of all the data
obtained, All of the data botween tho 'imoh nuwibor ronge of

0 to 2,5 are fro: exporimental wind tunnocl &nvestigations,

HrarvInD Ve Y 1
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. while the data for Mach numbers higiher than 2,5 was oxtra-
nolatod with the ald of treoretieal calculatlons preseated
in Refersnce (3), It was necessary to assw.® a parabolic
rolatien bvotween the lift and drag coeffliclents to .obtaln
these coefficionts at angles of attask other than those for
the maximm lift-to-drag ratio,

W/ith the asswunption of a suprerconic inlet undor all
operating conditions, no corraction for the open ncee rs-.
quired by tho Triton deslgn was atternpted, since 1ln mest
ecascs, the form drag of the ducted ogive is approximately
equal to tho form drag of a cerrosponding solid oglvasl nose,
In thie care, tho nocossary arsunption that these form drags
are equnl is basod on thoe fact that, for the proper diffuser
design, tho twoedlmennionnl flow at the diffusor cowl 1lip
rroducos a pres=urs disiributien that, when iIntegrated over
the amaller aroa of the ducted nose, nroduces a prossurc drag
renighly oqual to the drag produced by integrating the thrse-
dionolonal presoure distribution of the s0lid ogival nose
over its larpgor arsa, i3 asgumption is put on a more con-
aervative baols by noplecting the lewor frlction drag and tho
inoroassd Y14ift ot nnplos of attaelr avellcoble with the Quctod
No30,

o 4100 rent confipurationes wois consldoercds ono with
n wing-to=hody area rotio of 20 and an nuzecet ratlo of U,
rnd the othay with o in-toebody ratlo of 10 and an aspsct
ratio of 2. Udng tho theoretical nothod of cilculating - 4ft

and drap ocelfielonsi for suporassnic wing-body coabinations

COTPIDENTIAL
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indicated in Reference (L), 1t may be shown that, ‘all other
quantities remaeining conctant, a reduction in the wing-to-
bedy aroa ratio fram 20 to 10 will have a small effect on )
the cerodynmui

tho aerodynamie coefficlents of ths wing-body combinaiion

0O

nocflliolentse The relative indanendencs of

on changea i1 the wing-to-body area ratic 1s also verified
expeyimontally in Heferonce (42). ience tha dat; shown in "
Flgures (2) through (6) was usod for both configurations. |
Three of tho four cases consideread hove an external
auriliary pcweé duet mounted aft of the center of gravity
on the top of the fuselage, The purpose of this duot is
éiscusped in Section V. In order to correct the acrodynamioc
datn for this deviation from the exporimental configuration,
it wao aessumed that this auxiliery power duct was at zero
anglo of attaock at all tiros, The corroction then consisted
of adding on the miniimm drag ef tho auxiliary duct, obtained
from Neforenca (9), and modifying 1t by the ratio of ths
mexirnes auziliary dust arca to the total wing area, Sinoo K
the auiiliary duoct {5 rolativoly emall, tho error introduse ﬁ“
by the assunption of zero anpgle of attack is nagligible.-!ﬁa’
auxiliary duct 43 agsouned to bo nqag?gd onsmal¥yrEs- a4 suffi-
ciene distanoes fron tho wings and beday so that thoe intorferonco
oifeets nay be norlected, In lelforonee (i13), it is thown that
the asswirtion of n.3lizible intorfcronco offocrs 48 consorvae
tivo, rinco propor plac mant of tho auxiliary duct can roduce
the axial drag foreo by ne mich o8 307 of the sum of the &
erees of the Indivitual consenentse

COHFIDENT IAL
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It should also be mentioned toat the tall area that
would be required in a roro detailed aserodynemic design 1s
aszwiad to be part of the tatal wing arca, This approxiuse
tion is nocesscitated by the fact that the majorlity of the
rnodels tected in tho wind tunnels had no tull assemblies,
However, as notod provicusly in this sectlcn, a slight
changze in ving-te-body area ratlio has little effect on the
parodynamic coefficients. Therefore, assuming that the
mean offcetive anple of attack of the horizontal $all sure
fase is anproximately equal to that of the mein wing, and
thot tho'form and frictivn drag of the vortical tall sure
faco is sunll with rospect to that of tho rest ol ths vinge
body corbination, wo sao that the error due to this coripros
mige 16 within the linlts of accuracy of ths gerodynanie
data 1tsolf,

It &5 onsentlal that oonservative aorodynanlc data be
used {n tho stop-by-stop onrnleulnticn of the acceleration
tratoctoiy., ovon thourh the procodure desceribed above
utiiizes duta that deos not strlctly corresnond to tho
Triton confifsuration, 4t 1s an oasy mothod of cobtalning
aceourate datn srp’looble to o guparsonie nlcelle that is
re~rosontative of vrogont-day deslpn. Tie radical dsparture
of tha 2IU! frem .ho roclretebooest ¢76 of trajectory nosessl-

totaa thias a2 sroxlnntion,

CONFIDENTIAL
secR Y T rORMAT 1M




CONFIDEN? 1AL 1
SECIRYTY iNFORNaT 106

IV Fewer Plany Dats

In leferonce (5), a complete cdiscussion of the theo-
retical devalcepuont followed to produce the pverformance
fizurca for tho »am rocket is presenteds This paerformance
i3 dlscussed in terms of two paraneteras specific fuel con-
suwaption ond thrust por unit maximun oross sooticual ares,

The date covors altitudes up to 100,000 feet for duct nixture
ratioe betwoon 15 and 20, Tor the aascsleration phase of the
Tiight,; however, it was nacessary to exirapclate this data
dowm to values of tho duct mixture ratio on the‘order of 2
end 3 to cbtain the thruut nocessary for accoelsration,

A brlief renureocration of tho sssumptions uron which the
theorotical poerfomiancd data is based willi perhaps be helpful,
Pirst, it weoe anowicd that th‘!dirfuser oporation was on-design
&t all flicht spoeds. In addition, o constant buwimor inlet
*.ach nunbor was neintained by the uge of a ﬁariablo geanotry
diffuser and exhauat nozsles 3econdly, tho effests of fricticn
and heat transfer aro necligible, Finolly, it was assumed that
thg {nfluencg of the variation 4n nltitude and angle of attaek
on the goubuostion orficioncy 1a olsc nogligible, This asscunp-
tion 1p justiflsd by the faot vhat tho fuel 1o introduced into
ths soubuction chmiuer as a hot, high vsloclity zas otroam oone
seped mostly of hydroron and carbon. A combustion chaxber
length of about 6 dlmotors wae usod 4n those ;nlculationa,
thaugh exjperirmantal invostirntions o2 (i3 nroblon indloats
triab in praotice artifisial mewne izist be enployod te obtain

equilibaluws over thy ndxdng longth esuuned, Obvlously, the

COUFIDENT IAL
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forsgoling assumptione are rather optlm! stie, but ofr-desigan”'
trajectary calculatlions are prohibitively laborious, T?géii

wo rmist acgept the results as those sterining from the uss of

an opiimm povier plaant that can e annroachsed in nractice

with the use of varladblo geometry sguipment,

The prinary advantage of the rawm rooltet is its ability
to delivor a varying thirust, with 8 similarly varying specifio
fuol conpouaption, To ascaonmplish this, a variable roclzet mass
£low wmst be avallables, To do thir 4in practice will necessi-
tato the use of a battory of rocltets in tho malin dust, with
verhaps the additlional requ{remant of a maaller, auxiiiaiy
duct for oruising, The maximum roelet flow roquired iz gover-
ned by tho nuir flow through the dunt at low altitudes and low
duct mixture ratios, The minlmm reockot mass flow is fixed
by tho nean orulsing condltion at hilgh altitwlss; whore the
oritorion of constant voloclty will domend 2 thrust whioh is
a nmall nart of tho thmust recuired durlng aceeloration. The
auxiliory duct and iniltiple roclitets in the rniain duct provide
thoe wenns of obLtalning hile thirmict vorliation without excceeds-
ins ronsonabloe conbustion uixture rutios,

In swruay thon, it Lo oxrocted that tho theorectical
ran rrooret Wwill ovidenco cortain advantaosies over the rarijot
a8 a powor plent for n supersenic long-rarce puided miosilo,
Pirat, tho oliminntion of rmuch of the sonnitivity of tho cone
hustion rioeocs to chiniges In altitude and opernting econdls
tlcens will Lo tho rosulit of the unique motiied of fuel injocte

fone The Muel conswunndtlion ef the ru. reciiot Murlng accoleras

CONFIDET 1AL
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tion is substantially lesc than a 8solid or ligquid fuel

rocriot boost cysten for a ramjet; and hence, for the sanse
total taXke-off welcnt, the ram rocket will héve a higher
valus of )>°. The size of the bocater and its attendant
logistic problems may alsc be reduced tq a minirmmm by the
uso of the self-acealerating ram rocket ;over plant, This
radustisn in the roquired booster size is ol prizalry im-

portance for cortain appiieations suen as shipbvoard launch-

1“83.
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¥ Adaptation

Ths naxt prodblem that should bs mentioned is ths rathay
arbitrary task of adapting the am reocket power plant to the
Triton mtasile. Slnce complets stress, weizht, and layout

caloulations have heen made for the Tritor configuratign, a

£

ninirum nuber of changoe 18 desirables The most draatic al=
toration wes nocessitatad by the addition of aix diameters of
scabusticn chamber langth to ellow for an adequate mixing
lsngth, UFrom the design anelysis in Reference {2), on esti-
mate of the weight per foot of the antirs cross sectien of

tho 2alasile aan bc made 2t 2 statlion that includes the come
bustion chambere Thia figurs may then be multiplied by the
necessary langth increase, and the pesult wi;l be approzimately
squal to the weignt that must bo added to ihe siructural wsight
to comperisate for the mieallelangth incred&as. The flwsms hiolders
and fuel injoetors of the ranjet engine will be roeplaced by &

thet thim

change will have no effccot on the cverall bLody welight, Gﬁr

149

olumtzr af rooketa and thair supnorra. It 4{m agayme

Using deforonocs (6j, it waa pooalble to recvaluate G
uing weights, dasinz the calsuintion on a wing of triangular
planferms and 3% thiokness. ia would bo expected, the mmaller
aspoct ratia snd arsa of one of the two wings considered cllowed
& dacreaso in the structural weizht, whoraas the lerger wing
required an inerocase in the atructural weight over the figure
used for theo origined Triteon configuration, Othor minor changes

fncluded & walght s2dltlen to allow for the varlable difiuser

GUB 7 1.OENT LaL
EECIMTYY TRVGHHAT 108
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and exhaust nozele gsometry. Sinze the rockets in the main
powsr duet aro {noporative during the crulse trajectory, tke
truoe sam rocket missilos with auxiliery power ducts would te
under a handiocsp due o the inirsass in drag csused by the

geld flew through the main powsr duct, Cne method of cirzcum

[0}

-

veating this sitverion would be to jettison the diffuser cow
&t the atart ¢f ths Brogust flight path, and, withh the ald of
the variabie diffusor equipmcent, noslition ths spike of the
aiffuser so tha% it closes off the entrance to tho maln power
duct, The result!ng conriguratien is phown'at ihe botiom of
Plgure (8),

The auxiliary cduct wseight was eatimated from Reference
(7) on the basis of an averags burnep dlametsr of 2.5 fast.
Ia all ceges, the 2um of maln burmer duct eree and auxiliary
dust burner area wes kept conatant st 16,5 squars feirt, Thls
figure corrasponda to the maximm crosa scctional area of ths
miecile body, and, fer the ¢ase of zore aunillary dusti area.
would represent = combustion charmber occupying ths entiro arosza
acction of the miasile body., UBowover, as nsntlienad nraviounly,
1t w&3 convonient to havs an auxiliary dust aveilable to satiafly
the erulalng conditlon of conotant volocitys, Tho arse raquired
rerethia guxiliary duet doponds on tuo altitude and spwod ef
sidergd. 3Sinoe the varlation is xnell, 1t was ass:med that the
affoot on the body welght Wwas nogligible, Thia approxination

wvas jusiified by tha faet that the suws ¢f the areas of the two
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burners was kept constant, and honce the sum of the welghts
of ths twa ducts will also be roughly constant. This approz-
imation alsc aliow2d n Zoene simplification in the trajecicry
caiculetions,

Anotier alteraticn stemmed froxz the fact that the RRM is
e¢acentially & single-stago missile, All the fuel raguired
could not be carriod internally without a majlor change in the
Triton dimensions, hancos an external, diapdsable fuel tank wes
gdded to ths RitY, This gquxiliery was assumed to fit closs to
the belly of tno 1idssile 3o that 1ts Linfluence on the ssrodynamie
goefficionts was nogligible, About 467 of the fuel is ~arried
in thess tanks, and {3 bumed within the firast four minutes of
flight,

Finally, it should bo mentioned that duo to the vequire-
ments of launching frem a atationary position 1t is necessary
to nhave a =mRll solidepropellant booster for take-o{f 8651 8«
tances Iho boostor rockot was solected from Rofercncs {7), wad
has an unrestrieted burning time of four =zoconds while delivare
ing slmoat 50,000 pouviids of thrust, Threa of these units ware
uged, and, &t the launching angle asauned, the :otal impulsse
providad by‘tha thieo unita was close to the raquired nmininun,
The tetal booatur welght for the RRY was ayproximately ono fifth

| 3

of the Triten buoater wolght, and the i% was anly (140 ., Furthor -

Fodussion in the beostsy atlua ws:ld requirs tha uasan of & takee
off rasp,
A briof swu=mery c¢f the culculations outlinod sbove appears

ln Appendix A.
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VI Ira‘eciolry Anaiyels

is sectien contalns & drief review ol the slmple sgua-

tions used to calculste the acgceleretion and cruise trajectora

ias,

Pirat. auring the acceleration paft of the flignht path,

It was necessary to uss a step~bye-step intogretion of ths

oquations of motien, Considering the missilis &8 & point mass,

-

and rostricting its moveunent to & verticel plans, the equationé

of motion in the tangential and normal directions to the lligsht

path mey be written:

»

WdV o Tcosxe D « Waino (1)
g Jt l

and ¥V 40, Tsinm+ L = Weos g (2)
g

whore Vo

Writing
assuning the

{2) pecorss

volocity of :issie in feet sos aseccnd

welsht of misslie, pounds

asceloration of gravity, {ogt per aecsond por sacond
thrunt, pounds

drag, pounds

1ift, pownds

angle ol attaock of mioslle and wing

anglo of riszlle with respsct to the horlzontal
wonich ia positive whon nissile 1s ollmving.

the 1ift and drag fercos in ccoafficient form, end

enzla of attack < to be small, Bquations (i) and

CONFIDENT IAL
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25 = Wsin 8] (3)

%‘E = vﬁ[Tsino'w MCL% D 2 5 . Hcos@] (4)

vwnere M = Mach murieor
S = total wilng area, squave feet
Dy ° anciosnt statlic pressure, psla
¥ = patio 6f spsoific heats of alr

Cp = 11t coslficiont of wing-body cembination

Cp = drag coefficlent of wing-body corbination

For uso in the stepwise integration, the equatlons are
written in an incrsmental form, whers Av and 468 are caloue
latoq for a given incremeont of tinmo, 4 t. With this modifloa-
tion, RBquatlons (3) an¢ (L) may bLe weitteni

= pat!’T - 1 - Mg £}
av gﬁ_‘gl!_ K Cyp, ! ein 9] (i
48~ gor {?ainau £ ¢y p M2 - Voos O] {6)

wiiers K = M4 ; g, a conastant,
[

P Minally, ths fanlliisr Droguot range eguation Lo uged te
caloulate tho crulsing ranzoe. In Bofereace (1), it was shown
that & conastont voloclty e¢rulee patihh wac optliioam for a ranfet,
Qoviously t-!s criterien riay Lo oxtcnded to cover tho case of
the ram rocliets A briel derivatlon of the breguot oquation 4n
tho forn used Iin thess oaleculet!ons may be of interost.

Sinee tha oharyo In weight of tho rlzsilse during erulae
U1 ¥ 1DENT TAL
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13 determined Ly ths Tusl consumptisn rate, we may writet
' %%’ = o _!sa.é‘_w _ )

and, spplying ths condition thatav = 0, Equation (7) besomsst

4t = ’56%‘2 AW )
. il

Taes rangs is ths integrzl of ths Viloelly ovaer the Ilight

tima, sol
t

Rengs = (V &t (9)

o

or changing iimits,

Ve '
Range = o ] 2600 V. 4w (10}
/ 'E.ﬁ"cg"'ﬁ. '
Wy

whors '-ii = miscile waight at time t= O, or &t bezinning
of cruise, and W = empiy woight of missils at time &,
¥ith tho condi;icn that § =46 = 0, Bquation {6) supplies
tha rel;xtiani
L& Wa Totnes _ (1)
‘he valus of 7 and o raquired to satiafy the constant
velcolty zastricotion are relativoly soall. chce: Equation
(11} ma7 bs approzisatsd by the seletiont
LeWw (12)

CONPIEENT IAL
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Substituting this ldentity in Bguatien (10), ws ses thsts
H -
e

Range = 600 V L aW $13)
e[l
Wy

Y and L mey he held consztant by varying the thruat and
- D
the angle ¢f attaok, The spocilfic fuel conswrption wiil yvary

with fhe thrust and sltitude, but for purpcses of integraticn,
the SPC may be roplaced by & msan value that is descrivred in

=&

the next soction. Intesgirating Byuatien {13}, we sbiaini

Range = y ;ggg,% 1 N (1)

-~

Howevers

.

¥
-4 o
i Vg -i“éﬁﬂ;

end thersfeore the range, in nautlisal wilse, may b2 writtan ast

3?9592?;6%131‘5? (15)
= =7

Equation (5) wiil provide the veiue of T te aatiu‘f the
conditicn that 2 v u € at ary Haoh number and altitudis, Uque=
tion (6) establichos the angle to meintain level riight during
erulse, 1.9, 2685 0, However, since for eay particular Sruise
Ing velosity thers 1s 2 corvosponding mualmm lift~te-dreg savio,
it {a roquisres?d +h2% tnis 9alus of (%)na.x be madntainaed 4o cnsurs
saxiviem rengee Therefore, the angle of attask « must be heid
constant, and Squation (6) thor provides tho variation in altie

CONFINENT TAL
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tude required to peintain (L) 85 the welght of the missile
D max

desrémses, This information anables us o culculate the nean
thpust and hence tha aean speciiic fual consumption for the
erulse trsjactory to use in the pange squation,

Agaln wa ses that tpr maximm range, the gquantities V, % ,
and ¥, should be moximised, while the SFC should be minimired,
A glance at whie aerodynanic¢ and puwer plant perlarmancs data
shows that for flight Mach mumbers abeve 2, the changes with
Hach nudor in the SI'C and maximum lifteto-dreg ratio are mmall,
and consequently have much losgs influence cn the rasges than the
variation of the quantity V ln .; ¢ Since ¥ , decrsases as

a8 the ocrulse valocity 1a S.ncroased,"the quantity V ln __ 1
T Vs

should be maximired, For usual veiues of the overall loading
fastor 3 , tho quantity V 1n T_;__ incroases with inoreesing
-1)@

valocity for flight speads up to and bayond the oritical =speed
detarained by aerodynamic heatinz and the misaile matarials, It
m=ay thus bBs gconcludsd that,up to the print of prohibitive
vehicle welight, the maxirmum range will usually be obtained by
flying at the higheat pocosible velocity comzonsurats with tom=

Foraturs-stroas linitations of the ntasils econstrustione

COFIIENT 1AL
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A sumury of the results is prsssnted In Table Il, As
provicusly mont loned, four casas were calculated for comparis
gon with the Triton ramjet missile., Two yoluen of mavect
ratlo and wing area were consicdered, as well 23 two Ilignt
Mech aqurbors. In addition to having a lower wing weight, the
Rﬁﬁ with tho smaller wing bhenalited by its réquiramant ol a
lower initial cruiss altitude, and consequently, an accelore=
tion through & denser atmosphere. For a gilven cenfiguration,
the effsct of inorzasing the cruisza Mech nushser from 2.5 &9
L.0 ia clearly showm, It 1s iateresting to note that, Qoiie
trary to rookot nileasile and rockot boosted raujat nissils
techniqua, 4t 1s boneficlal to accolerate in as low an altie
tude range as 18 cormpatibie with the Dreguet trajeotory alti-
tudo reguiramonts., 7This characteriotic 15 a rasult of tpe
increased nmarein of thisust ovor dreag, At hichor smblent prosse
urea duc to the dopendency of the thrust per unit arcss sectional
area of the rwn rockot on the proassure lsvel during its scombusts
ion cyole,

Fuarther cormparison betwoen tho Triton misalile and the two
RRH miosiles #ith & dosign lach nuzber of 2.5 revesls that ths
misalles with the r @ roc&Zst power plant achioved spproximately
ths aame rayte as the iriton at esauntlialiy the sare [ligat
spsed, btut with alrioss 207 loss totel taks-off welgh% =nd with
s reduction in tho bocster weight of sbout 807, 1In Tebls II,

the cruise ragos vl the RN lo, 1 end lo, 3 arc modilied by
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saployinog the value of (%) ang SPC listsd lor the Triten.

max
Witk i{dentisyl aerodynaric and powsr plant performance, thi's
corpariesnn sesves snly to show the importance of minimising

the fuel oconsumption during the accelsration trajoctory and

-

+

-
‘n‘
-
Lo}
m

- - F -9 — = - - - o N
tes that topareble values of r . msy be ¢btainea with

1o raductions in takeeofl and booster wolight.

%

aiz

TABLL 11

" ———

- Teiten  RRM 71 RO #3

Crutae SPC, hr,~™t 3032 1.92 1.92

U)max Q932 &032 “.32
Yo 436 s 413
Range, nautioal miles 2oLl 1769 175

- P p— i T—_

lio attempt was made to cptimirze the accoleration trajece
tory‘or the RRM, Tt 13 alnost csrteinly tirus that somy other
trajestery othoer than the censtant angle of olird trajectory
smployed will prove more adsptabhle to tho ram rocket character-
istics and will pornlt ovon greater roductions in the total
teke=of{ woight of the Tritoa-lype nisslle, L_ven though the
conditiona asgumed for ran rocket peusdr plant opcration ropies
sont optirum performancs, tho results ¢lcarly indicate iha

ah § ¢
LS NN I J

ple i reduve itkv epsoilio fuel

>

v prind

Q

b

Al
X

¢

P T o —
wh  wid T

~

(4]
-

gonswmption during the &occouleration period and to eliminato the
provloss ¢f large, bulky bLooatops,

thero are cortain practical difficulties to he overco-e
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beforp the renm rocket missile hecsnos & reallity, Porhaps tha
greatast disadventsge 1o the large variation in duct mixture
ratio nsceasary o satiafly tha thrust requircments @urina both
the acosleration and the coruiss traiesztory, thia variation in
ths cust nizturs -atio Lmpoges the ¢onidiitisn that the ruckss
massflow must be controlled by some such method &8 wW&S 3uUZges-
tod earllier Iin the rapert, i.e., & hattery of rockets with the
peasibllity of uaing tho mass flow from all or part of theao
rookots. Ubviourly., the auxiliary pews> dust, though oone
vonisn® for tha purposes of this report, should be avolded if
possible in an astuel spplication,

Howaver, the sssunptlons a2nd caloilations made &n this
report are gonerally conservative, and the results outlined
in this prolirinery invoastigaticn cortainly aatabliah the dee
sirablilicy Qf further détailed inveatigations of thés appliocee
tion ¢f the ram rocket as a power plent for & longerunge

guldoed miasiie,

®
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o 1mx TRIJTON RRMY1 RRUZ  RRMED  RRMAL
7otal wing area/bedy wsa - % 7.22 2 20 16 12
Awpact Ratie 3.8 L0 L0 2,0 2.0
Cruise Hach wmbar 24k 2.5 k<D 25 4O
Cross taxe-ail’ welight, 1lts, | 30,000 24,700 24,700 24,700 24,756
Booster weight, lbe, L, 500 350 350 3450 340
Vg L84 J0 GO LG LD
Fasl sight; 1bs, 7900 12,060 11,500 11,500 11.500
Bpty weight(:dth wlm},_.me 7800 8890 . 950 9050 9030
Extarnal fusl tanks, 1bs, - 300 %9 360 300
Pucl in body, 1ha. . 7709 650 6500 6503 6500
Fusl 4in external tanks, ibs, - 5550 5000 5,00 EL00
arose wight at end of

aaceleraticn 1¢,500 15,186 13,943 15,428 13,939
Vo LS8 A5 L3200 L3 3%
Angle of leuneching, degrees P &0 60 £ 690
irals of cliab, dezrecs g0 1ift 30 30 g0 X
Initial Dreguet altitude; foet 57,000 84,000 103,400 61,000 80,59
Flnal Bregust altitude, fest 70,500 95,000 111,060 72,530 90,000
Ferlaua 5 during crulss b, 32 Uebt 5,20 Le03 6,00
Gruleing SFC, hp,~4 1,92 i85 1,75 l.n 1.848
Crulsing duct mixturs ratic - iy 24 o 3%
Accaleration tizme, zoconds - 150 290 75 158
Rangs, nagtical milez Ly 00 2787 20 X
Auge, accsieraticp 18l 50 107 x o)
Rargw, Oregust 1630 1950 2650 A48 3180
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¥ain Powsr Dact:
tmber af rockets - 12 10 10 10
Thrust per roeket, lbsoe - 1,000 1,050 1,000 1,00
Naxiza mass flow; 1bs,/cec, - £9 50 50 50
Arasa, square leei 11.2 i%.5 10,0 10,5 UL.00
Auxd liary Power Duct:
Humber af rackets - - 0 10 ic
Thrust per rockei, ivs: - - 200 0 200
Waximm m23s flow, 1ba./aoc.‘ - - 10 12 10
Ares, squars feet . ¢ 6.5 6,0 2.5
Boostar
Burning time, seconds ) L 4 L L
Thrust of each unit,lbs, 94,000 L.580 L9,580 L9,580 L9,540
Huebor of units L 3 3 3 3
Overall lmpulseswelicit
ratie 160 173 173 173 172

e—
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Avpendiz A Summapy of Joaiasn Changes

el

(1) Changs in Bedy Dezizn

For an avorage combustion chamber arscs of 1l.5 aquare
faut, the combustion chamber diemeter 18 3,83 feat, Tov
obtain a mixing longih of 6 dismmoters, the combusiion chauber
must be 23 foet long.

It is nocossery to add on extra internsl fuel tank to
provide fusl volumso for 6500 1ba. of fuels This extre fuel
tank also requires ean edditienal incresse in the body lerngth.
Mathylacotylcne has a specific gravity of 6783, hense the
capacity of the forward Iuel tank is:

3040 x +fE8 = 2580 lba,

Therefores, tho extra Iintornal tank must'hcld
5500 - 25380 = 3920 1lbs,
This wolght of fusl reguires a tank veiuse of
&g%% = 92,6 eubic feet,
A targ 4.6 inches in Jlameter and 7,50 feet long will
previde
11.86 x 7.80 = §2.6 cu, rt,
Thorofors, the total lergth roquired aft of stavtioun 300
on ths Iriton fuselage s '
T.80 + 23,00 = 30,80 feet,

Of this dlstanes, 18.80 1: slrsady avallabls in the
iriton fusoimzs, and hence the total incraasse (n bedy longth
roquired 18 12 feat, The ait fuel ranza thish awe 9, €7 facd
lorg and wolgh 500 pounds, ¢ roplaccd by an outer akin and

¢ozruation chaaboer atructure,
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Assuning that the additional internel fuel tank is
sonatructed in the ssme msesnner a8 the forward Iuel tank in
the'Triuon dosign, the Tellow!ng welght sstiiates may be
mades

Triton fuei tank = 200 lba,
sffeotive length of the Triton fuel tank = 6,67 It
woight per foot = 30 1bs./rs,
Therefore. the additiconal internal fueld tanit wolghs
30 x 7.7 = 231 lba,

or tho Butor shell . we have tha following estimates!
outer shell at combuation chanber = 140 idba,
lergth of mutapr ghall & 7,59 f£t,
wolzht psr foct = 21,1 1bs./{i.

[
-
[
w1}

Thaorafora, tho edditional weight of the cutesr sha
21457 = 2l.1 = U455 1bs,

Sines 7,59 foot of zombuation chardber spacge are Availaﬁle
in the eorizinal iriten econfiguration, the additional corbustion
chsrbor strusture reaquired 1is

23e00 = 7,52 = 15,41 fost,

Yron Heforenes (7}, tho combustien chanber tiructuwrs of &
(G oot dtametor dbunor wolghs 85,5 pounds por foote Aceuning
thot thn cross~ncctionsal weight of thu burner counstruotion
varios es the squaro ol tne diwnister, then, 10T & 303 L0600
dlamater burnmor, w2 find that the wsirht g

11?%?%5 x 85,6 = 35 1ns, por f{t,

CONLILZITT AL
a:.CUﬁf J..:.: in! ok hr\md



Por 15.i feet of additicnal bummer lengtl, the weignt
ircroats is
35 2 15:4 = R0 1lbs,
The originail 60 1ba. of booster Tittings are reduced to
20 1lba, clace the booster woelght 1s only one fifth of the
originnl booster welght, Flinally, an srbltrary addition of
100 1bs, representing the varisulo diflumer gecnsiry was

assuszed, as vel) es 50 1lbs, for & varliables exheuct noegla,

(2) Aoxiltary Duot

The sum of the main burner orossessctional area and tho
auxiliary duot creossescciional area rmuat rozaln constant at
16,5 squere feet, snd thorefore, for a hasic bumer arsa of
il,5 square faset, ths basiec awsiliary duct ares 12 5.0 squars
foat, With an ovarall power duot lengthetoediametsr ratlic of
0, the burner longth must bs 15 feet to satisfy the sriterion
of & burner L/D of.approxirately 3. She linear weipnt estie
=atoa o&an be writton &s

L2
Linoer weipht ef combuation chasbapy = (251" » 8,6
(6)2

= 25 lbva. /L%,

| (2.6)°
linosr wolght of outer shell & leem X 211
. (3.83)2
= 10 ibs./re,
Giffusoy otructura o 12,60 4 {150}

(3-33>2 (hoS)

17 Lbae/2%,

"
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Using ‘he above linear weizht estimates, tne weight of
tho auxlliary duct is distrivutsd as foliogwa:
puter shell = 150 lbs.
co~bustion chamber = 225 lbs,
diffuser and sniks = OF 1hse

- rookets and supports = 100 1bs.

r

matrut = ;0 1ba.

Total weilpght of auxiliary duct = £00 lbs.

(3} Wing Welgnts
Using the method found in Referonce (6), the peramster

of intsrect 4 the guentity

P = fb (t/G)
‘?1*
(=] b
h o
vhern £y = stroae of outer fibor in dendlng, pel
. t/o = thickness ratlo of wing
¢ = pienfomn parangter

= &° for a deltu wing

B

ry = voot chord, lnohos

Caae {a)!¢
§/A = 10
t/e = ,03
IR

tetel wind aroe « 155 sq. fte

SOHPTILENVLAL

~ e~ 3l Jon Tl te g g
S..0UNITy T Giuihu IOl
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eRternal wing srsa = & sq. Lte ad
roct chord = 13,55 ft.
£, = 25,000 ps! (Dural)
a = ,250
wing loading = 268 1bs./sq. fte.
The value of P for casa (&) is 18.5, ond the resulting
velus Of ithe wing weight per squars foot of external wing area

18 2.1 lbs, per square foot, The wing welght can thed be

written aa °
Hv = 2. x 92
= 221 lbs.
Cers (Bt
S/A = 20
t/c = 305
/:F\ = LL.O

total wing ares = 330 square ft,
extornal wing area = 251 square ¢,
roct chord e 15.65 r't,
£, = 25,000 pst (Dural)
= 1.0
ving loadmgv = 100 1lbs. por aquers ft,

-

Therofers. ths valus .

I}

-~
]

-y

or case (b) 4z 6,58, and ihe

IF\:J

2ing welght per cquazs foot fa 2,61 1ba. per aquaprs fcot, The

|
1

>
| S L
> -

L)

¥Zigit then boconse
i, = 2463 x 25]1
a 660 1ba.

§

02- 336499 -
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A surmary ol the wolght char

AT

1328 entailed in sdzpting the

39

»ar rocket power plant to the Trltonm configuretica is outlined

below,
Item = pounds RRM4) _ RRIff2 RIS SR

‘Basic pmpt?'wei§ht of iriton . .

{witn payload 7800 7860  78C0  TE0O
Additionmal Intornal fucl tank 230 230 210 230
Cuter shsll L5S L85 455 i5S
Corbustion chsurer £L0 54,0 540 540
Yarliahle gecmatzy eduipment 50 150 150 150
Auxiliary dust - 600 €00 600
Wing (oxternsl) é&o 660 220 220
Total mddiiions 3836 L0435 9397 9937
Iyiten externnml “wing L0E | L4105 405 L35
ATt fuel tenk 5¢0 500 500 200
Booater fittincs 40 Lo L0 L0
Total removals oLS ous 45 oLs
Dapty welgnt or RM{ missile 8890 9490 9050 9050

it sheuld mieo be mentioned t{heot sinee the waight of the

extornal, disposably fuel tenk is dopsndent on metcrials,

shaps, and construction, ete., an arbitrzry welzht of 300 1bs,

vas aoswsed for thie tank, This fizure appears to be consistent

vith tho purposa and alxa of this sxtornsl tank,
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